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Biology has been always a descriptive science. The great variety and
number of living systems have been enough to occupy the major time of
investigators until the rise of the experimental method resulted in the
examination, in greater detail, of individual systems. Even here, how-
ever, the descriptive method dominated the science. Processes and
mechanisms have been described and, with the improvement ofmethods
of chemical analyses, the majority of the entities comprising the com-
plex organizationof livingmatter havebeenunravelled. Itis nowknown
that the chemical entities, atoms, and molecules found in the non-living
world, are also found in protoplasm. Moreover, the great majority ofthe
chemical processes are the same in both living and non-living matter.
No new laws have been found to operate in living material. It is
abundantly clear that the crucial factor differentiating the living from
the non-living lies not in the entities of which the systems are composed,
but in the relationships which the entities bear to each other. In other
words, it is the relationship of the entities which determines the differ-
ence between a living organism and inert matter. It is equally clear that
the entities are related to each other in an extraordinarily complex man-
ner; so complex, in fact, that the simplest living organism is vastly more
complicated than anyothersystem on the faceoftheglobe.
Needless to say, that makes the problem of the biologist extraordi-
narily difficult. The obvious intricacy of protoplasm makes exceedingly
difficult the search for the forces which impose the necessary relation-
ships. Nevertheless, there is one aspect of the operation of these forces
which is obvious. Whether simple or multifarious, the forces operate in
such a manner as to impose a configuration peculiar to the living organ-
isms. They determine the design or pattern of organization of structure
and its correlate, function, wherever life is found. The precision with
which these forces control the development of pattern and regulate the
functional consequences ofthatpattern is obviousto all observers. More-
over, these forces seem to operate with an extraordinary constancy
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throughout all development and to effect the maintenance of the integ-
rity of the adult. This constancy operates in the face of an enormously
varied chemical flux. Through the whole cycle of metabolism, the re-
sponses of protoplasm to changes in its external and internal environ-
ment, the necessaryconfiguration of the entities ofprotoplasm are main-
tained. It is not surprising, therefore, that some observers have been led
to conclude that the difference between living and non-living lies in the
presence in the livingorganismof an immaterial controlling factor-the
teleological principles of Aristotle, the entelechy of Driesch, the elan
vitaleofBergson.
From the standpoint of the scientist, any such integrating factor
which occupies neither time nor space, which involves no energy trans-
formations, cannot be studied. Yet, there are to be observed in living
systems the consequences of the operation of a series of forces. The de-
termination of the nature of these forces is acentral problem of biology.
It is theproblemofthe origin and maintenance ofthedesign, thepattern
of organization, or the ordered configuration always to be found wher-
ever life exists. It is the forces which impose this necessary configuration
which must be determined. There is great literature dealing with the
describable consequences of the operation of these forces, but few clues
as to their nature.
By way of contrast, it is interesting that in the field of physics, as
soon as that science progressed beyond description to an examination of
the relatedness of the components of the non-living universe, great
strides were made. Workinghypotheses became tools as important in the
search for truth as is description. In fact, most of the great achievements
in man's mastery of his material environment have come as a result of
successful theories explaining the order found in nature.
Unfortunately, there have been only two parallels in biology. One
is Darwin's theory of evolution, and the other is the theory of genetics.
It is obvious that these theories have had profound influence on biology.
They both deal with certain aspects of relationships which exist between
unitary and multiform components. Both theories concern themselves
with certain constancies of relatedness in phylogeny and embryology. In
any event, the available evidence suggests that the search must be made
for forces operating in time with great constancy, not only over the de-
velopmentof the individual, butover the long historyofevolution itself.
It was considerations, such as these, which led to the proposal, 4
that anexamination be madeoftheelectrical properties of livingsystems
as a possible clue to the answer to this problem. In the non-living world,
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a large class of forces (forces between charged particles) can be
measured by electrical instruments. Moreover, since many phenomena
in living systems have already been recorded by electrical instruments
(the EKG, the EEG, the action potential associated with the neural im-
pulse), it does not require too great a jump to extend these studies to
every aspect of biological activity. The physicists, moreover, tell us that
wherever potential differences exist in conducting media, there currents
flow, and electrical fields of various kinds are necessary concomitants.
Since electrical phenomena are to be found everywhere in livingsystems,
it would seem reasonably safe to assume that these phenomena are ac-
companied by field properties. Furthermore, in the non-living world,
fields and atoms are related attributes of matter. Neither one can exist
without the other. Hence, if living systems possess atoms and fields, then
it can be assumed that electrical fields constitute a set of forces capable
of establishing and maintaining the necessary configuration of the
entities of which the living system is composed. Ratification of this
hypothesis is imperative. It involves determining the logical conse-
quences of the hypothesis and subjecting them to experimental analysis.
Important moves in this direction have already been made by Lorente
de No,7 by Lund* and his associates,8 and by Burr.2
It is the purpose of this report to add one more bit of information
in this area. The beautifully precise formulation by Lorente de N6 ofthe
fields in an infinite volume conductor accompanying the neural impulse
travelling along the sciatic nerve of the frog demanded that a search be
made for experimental evidence of the existence of an electrostatic field
in the air (a dielectric) surrounding the nerve trunk. A preliminary re-
port of such a study is here presented. The existence of an electrostatic
field has been demonstrated. However, the analysis of the nature of this
field is still far from complete, and much further study will be required.
Materials and methods
The technique employed in the search for electrostatic fields in air surround-
ing the sciatic nerve of the frog is the fairly standard one of suitable resistance-
coupled amplifiers and the 5" Cathode ray. However, in order to determine
reliably whether or not electrostatic fields were present, two additional instru-
ments were required. The first, and most important of these, was a search probe.
This consisted essentially of a vacuum tube circuit, using an acorn tube so ar-
ranged that the input impedance was at least 1000 megohms, and so that the
tube and its associated batteries could be completely shielded. In order to provide
* Bioelectric Fields and Growth contains an excellent bibliography of the important
work done in electrometric examination in living systems.
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adequate control of the probe, it was mounted on the arm of a dissecting micro-
scope stand. With this, the probe could be moved horizontally along the course
of the nerve and raised and lowered with respect to it. In order to measure the
distance between the nerve and the probe with some degree of accuracy, a suit-
able lever was so arranged that the tip of the long arm moved over a scale
divided into half millimeters. Greater accuracy could, of course, be obtained, but
in the preliminary study this was not attempted. The general arrangement will
be seen in Fig. 1.
The second requirement
was a proper stimulator.
This was designed to pro-
duce a square wave stimulus, the height and width of which could be carefully
controlled and therepetition
- F _ > E5i.S Srate of which could be es-
tablished. The blockdiagram
of the electronic units is in-
dicated in Fig. 2. Therecords
of the neural action current
in the nerve were made in
the following manner:
The sciatic nerve of the
FIG. 1. General view of nerve in air and of probe with giant Louisiana bullfrog was controls and distance scale. carefully dissected out from
the intervertebral foramina to the ankle. Side branches were cut close to the
main trunk. The nerve was kept moist, throughout the removal, by spraying with
Ringer's solution. Ligatures were
Pre-o_p. PowerAnp tied about the nerve at theproxi- Pre-op mal and distal ends in order to
Sweep Sijnch. Conirol provide an easy method of
tli Probe | Xr .manipulating the nerve. Both 1l!Isociri Stim- right and left sciatic nerves were Trcrn :ulciloi' removed on the same day and
placed in Ringer's solution in a
FIG. 2. Block diagram of instruments. plastic box and refrigerated for
from 12 to 24 hours. The nerve
was then transported to the cradle shown in Fig. 1. This consists of a plastic plate
and two vertical plastic uprights. The righthand upright had 3 silver wires set
transversely into it. To the first two, wireswereled from the isolating transformer;
the down-stream electrode representing the negative pulse. The third wire
electrode was grounded. In the lefthand plastic post, two silver wires were in-
serted so that, if desired, conduction pickup could be obtained. The nerve was
stretched across these supports, using the thread at the proximal end to hold that
end firmly, and the distal end of the nerve, strung across the lefthand silver wire, was allowed to hang over the edge of the plastic plate with a small weight at-
tached to it, to keep the nerve reasonably straight. Only enough weight was used
to keep the nerve from sagging; not enough to strain it. Once the nerve was in
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position, it was sprayed every minute or two with Ringer's solution. The probe
was then moved to the midpoint of the sciatic nerve, just before the major
branches are given off. The probe was then lowered toward the nerve until it
was as close to the nerve as possible without touching it. With the amplifier and
cathode ray in operating condition, the stimulator was started and the intensity
of the stimulus increased until the trace on the cathode ray showed no increase
in the response of the nerve to continued increase in the strength of stimulus.
At a first approximation, all of the 15 nerves studied showed a remarkable con-
sistency in the strength duration response. The strength of the stimulus was
approximately 2½2 volts. Its duration was 0.1 millisecond and the frequency
was 30/sec. A delayer in the stimulator made it possible to separate, at will, the
beginning of the sweep from the stimulus artifact. A nerve, when stimulated
under these carefully controlled conditions, shows a repetitive response which
produces a reasonably static trace on the
_ cathode ray. The trace was photographed
550. )UV/DISTAICE FROM1iERVE with a Leica camera set at F2 and ½8 of a
INI MILLIMETERS second. The probe was then withdrawn
from the nerve 1 mm. as measured on the
amplified scale, and a second photograph
345 \ was taken (Fig. 3). This was repeated at
1 mm. intervals until no trace of the
neural activity could be seen on the
cathode ray. Records from 13 nerves were
130 r .415o,. measured and the fall of voltage with dis-
tance plotted. The results are shown in
Fig. 4. A further analysis of the depend-
2 3 4 56 7 8 9 ence of the voltage on the distance should
make it possible to determine the distri-
FIG. 4. Graph of voltage drop as probe is bution of the charges on the surface of
withdrawn from nerve in 1 mm. steps. the nerve.
Unquestionably, the introduction of the probe into the electrostatic field
around the nerve produces considerable distortion in the field. Further studies,
now in progress, will
-loeprCloseappronimation Ex.cisea ive provide a better picture of toireeve Tr=e of this distortion, but a
Traesc\ -m--Vr Tram first approximation of it Preaect i
races
isshowninFig.5. Inthis
figure, the monophasic
1§/ '\ Traceso34mmaction potential, as de- 8 ' \ \ 'Trocesat4mm. termined by Lorente de
No,7 is shown in the
heavy black line. Using
t 6mTraces6. this trace as a basis for
the boundary conditions
,FS ,--- --_&Sv" at the surface of the -: ["' ?" nerve, an electrostatic
field was plotted, as
shown in Fig. 6. Critical
FIG. 5. Curves of predicted (----line) and realized pointon the e riten-
line) traces at close approximation to nerve and 1, 4, and 6 mm. points on theequipoten-
from nerve. Heavy line, monophasic contact trace (approximate).
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tial lines of this plot were checked, using the Southwell relaxation method. From
this plot, predicted traces at 1, 4, and 6 mm. distances from the-nerve were drawn,
0 o _ _ as shown in the dotted
line of Fig. 5. As a com-
parison, the fine solid
27 \line in Fig. 5 is of traces
taken from the photo-
/00 / 4MM. \ / \graphic records of a
single nerve. It will be
noted that in close ap-
proximation of the
nerve, the predicted and
recorded traces are very
similar. At 1 mm there
is a greater disparity be-
FIG. 6. Electrostatic field plot derived from Lorente de N6's tween the two traces,
monophasic trace. but they are still ap-
proximately alike. At 4 and 6 mm., however, there is considerable divergence.
The reasons for this are not clear and require further study, but presumably a
distortion of the probe is one of the factors.
Discussion
The technique employed in these experiments has given evidence
of an electric field in the air surrounding the sciatic nerve of the frog
when it is stimulated. Further studies, now in progress, will be required
for an adequate analysis of the findings. Nevertheless, the evidence here
presented gives further enlightenment as to the nature of the fields in
living systems.
It is becoming increasingly clear that these are the simplest forms of
electrodynamic fields, namely, quasi-electrostatic fields. Originally, the
term "electrodynamic fields" was used to describe in the most general
way the nature of fields in the living organism, but it is now possible to
give a more precise definition. Measurements of such fields can be made
in a simple way and indicate that forces exist in and around the nerve
during excitation. Thus, to the steady state parameters of these fields
that have been recorded in amphibia' and in plants'9 must be added
these records of the changing properties of electric fields in association
with biological activity.
To be sure, the EEG and the EKG are instances of the same
phenomena and, in a sense, the observations recorded here are no more
than to be expected. All of them are the direct consequences of field
properties of living systems. None of this implies that the field is con-
ceived of as some mysterious property of living things. It is not another
460FIG. S. Photographs of traces at 1. 4, and 6 mm.
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name for elan vitale or entelechy; it is a definable concept capable of
precise measurement and is to be thought of in the same terms as fields
in the non-living universe. Electric fields in physics are not only widely
accepted, but technologies based upon them have been extraordinarily
productive. In non-living matter, fields are definable in terms of forces
between charges. They are, in part, a measure of the relationships be-
tween entities. In living systems, therefore, since the entities of which
they are composed are the same entities as are to be found in non-living
matter, the same forces between units may be presumed. The basic
difference between the two lies in the enormously increased complexity
of the relationships in living organisms. It would seem reasonable to
assume, therefore, that the relationship of entities in living organisms
may be measured by field properties, just as successfully as in atoms
or between atoms. It should be noted that electrostatic fields do not
exist in the absence ofcharges, nor charges in the absence offields. They
are both fundamental properties of matter. In living organisms it can
be said that the chemical components, wherever they possess charges,
cannot exist withoutfields, nor can fields be found except in the presence
ofcharges.
It is equally clear that the business of living is not a static affair. It is
amoving,dynamicprocess. Forthis,energy isrequiredanditis thechem-
istry of biological systems which provides it. But energy is a scalar
quantity and is itself indifferent to the direction in which it flows. In
general, it is the second law of thermodynamics which directs the flow
in such a manner as to increase the entropy of the system. It seems from
our earlier observations that this direction is also characterized byelectri-
cal gradients, much as though the second law was augmented by electri-
cal signposts.
Moreover, these electrical signs have astonishing constancy in spite
of the enormously complex chemical flux, and such constancy of direc-
tionalcontrol isoneofthestrikingattributesofthedevelopingorganism.
Quasi-electrostatic fields, although changing slowly, persist in time and
can, perhaps to some approximation, be conceived as providing the
necessary direction. The experiments here presented provide additional
evidence of the validity of the original assumption.
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